attempts to refute Russell's ideas, those of Keith in 1923 , and Harrison the previous year, were soon ignored. The former had written, "We are so apt to look on tendons, fascial structures and connective tissues as dead, passive structures. They are certainly alive, and the fact that hernias are so often multiple in middle-aged and old people leads one to suspect that a pathologic change in the connective tissues of the belly wall may render certain individuals particularly liable to hernia." ' Harrison, in 1922 , stated:
When we consider the dozens and hundreds of men who first show a hernia at 50 or 60, after their active life is over, the hypothesis (saccular) becomes improbable to say the least. However, the main objection to the theory is that, even if true, it gives us no useful guidance. In and of itself the persistence of a more or less elongated narrow processus vaginalis would not predispose to a future hernia if all elements of strength present in the wall of the abdomen were also present in the wall of the process ... The muscles, however, appeared to be normal ... The natural conclusion is that the cause of an indirect hernia, as of a direct hernia, is the failure of the transversalis fascia to withstand the intra-abdominal pressure to which it is subjected.5
Our own interest in the cause of inguinal herniation was stimulated by a similar question: why do so many veterans, despite normal physical examinations in the military, later develop inguinal herniation. Serendipitously, we noticed, while using a modified preperitoneal approach,6 that the rectus sheath some inches above the inguinal defect appeared thin and felt greasy, especially with direct herniation. Samples obtained 0003 AGE GROUPS from patients of similar age and build being operated on for intra-abdominal conditions other than herniation, weighed significantly more per unit area. Bilateral herniation was associated with more severe atrophy than unilateral. Surprisingly, this was not a senile phenomenon since weight of the biopsy specimens did not relate to age or muscle mass! Hydroxyproline and, therefore, collagen, which comprises 80%o of the dry weight of the rectus sheath, was strikingly decreased.8 Extraction of the remaining collagen revealed altered precipitability and a reduced hydroxyproline-proline ratio. Intermolecular cross-linking was, unlike experimental lathyrism,9 unaffected, but synthesis of hydroxyproline was inhibited and there was variability in the diameter of the collagen fibrils, some of which lay within fibroblasts.10 Similar electron microscopic findings were present in pericardial and skin biopsy specimens obtained from these patients,"l and have also been described in connective tissue tumors,12 pulmonary emphysema,'3 and other conditions.14"15
Thus, in men with groin hernias, fascial degeneration was not restricted to the posterior wall (floor) of the inguinal canal, but a quantitative and qualitative collagen deficiency was identified not only in the rectus sheath some inches from the protrusion, but in distant parts of the body. These patients were considered to be suffering from a true connective tissue disease."
Since the lesion was more marked in those with direct herniation which occurred predominantly (and often bilaterally) in middle-aged veterans who also suffer heavily from lung cancer, and emphysema, we wondered whether the changes observed could be caused by circulating proteases generated in the lungs of these smokers. Figure I Interestingly, the distribution of direct and indirec defects in this population is remarkably similar, with peak incidence in the sixth decade. This happens t coincide with the peak incidence of 475 patients wit cancer of the lung resected in our hospital during th same period of time. The delays between onset c symptoms and repair for the two types of inguinal hei niation are also practically identical (Fig. 2) formed in duplicate, some in triplicate. Statistics were ever, when the data were subdivided into the two types analyzed using the nonpaired t-test for the significance of hernias and into smokers or nonsmokers, significant of difference between means (p < 0.01 = significant; differences emerged. The most marked change was p < 0.001 = highly significant). between nonsmoking controls, 83.3, and smokers with direct hernias, 114.1 (p < 0.001). Other significant Results differences were seen between "direct hernia" smokers, 114.1 and "direct hernia" nonsmokers, 92.3 (p A total of 88 men, 29 controls and 59 with inguinal < 0.001). Patients with indirect defects also showed a herniation were assayed for serum elastolytic and higher elastolytic activity if they smoked, 102.6 comantiproteolytic activity (Table 3) . These individuals had pared with their nonsmoking counterparts, 95.2 (ns), been screened for a 1AT phenotype and only MM phen-and the smokers in the indirect defect group had values otype men were investigated, less than lO%o being dis-significantly higher than nonsmoking controls (p carded because of other phenotypes. The average age < 0.005). It is of interest that within the control group, of the controls and herniated patients was in the sixth those who smoked had significantly more elastolytic decade, which was consistent with our overall series activity than those who did not (p < 0.01). (Fig. 1) . The incidence of direct (32) and indirect (28) We did not observe any significant differences in the defects was approximately equal, as was their ages concentrations of a, AT in our various categories. The (mean 58.4 and 61 years). About two-thirds of our con-serum a 2 M levels fluctuated but were within the nortrols smoked, there being no age difference with those mal range for men in our age group. who did not. Similarly there were more smokers than Total serum protein concentrations were within the nonsmokers in our sample of hernia patients.
normal range in all classifications. Table 4 demonOverall, the serum elastolytic activity, expressed as strates that when a sample of "direct hernia" smokers ,utg/ml of pancreatic elastase equivalents for the 59 were compared with control nonsmokers, there was a patients with hernia (103.2) although higher than that of significant difference (p < 0.001) in the trypsin inhibthe controls (96.0) was not significantly different. How-itory capacity of the serum even though the concentra- Review of the chest roentgenograms showed a small proportion (16%o) of previously undiagnosed and apparently asymptomatic chronic obstructive lung disease, and the majority of these cases were discovered in the direct hernia group who smoked. All of the 2,538 hernia patients had a routine preoperative WBC count. We randomly retrieved these data from 200 smokers and 200 nonsmokers ( Table 5) . The former had a significantly (p < 0.001) higher mean count, 7910 mm3 than the latter, 6730 mm3. There was no difference in WBC counts in the nonsmoking hernia categories. The mean WBC count in those who smoked and had direct defects, 8140 mm3, exceeded that for the "indirect hernia" smokers, 7730 mm3, but the difference was not significant.
Discussion
Twenty years ago, pulmonary emphysema (Latin: swelling) was ascribed to wear and tear of the connective tissue in the lungs from blowing, coughing and bronchiolar obstruction abetted by aging. Similar mechanical forces are still being invoked to explain the incidence of swelling of the groin (inguinal herniation) in the adult. However, our understanding of the mechanisms involved in lung damage produced by smoking was greatly enhanced, in 1963, when Laurell and Eriksson19 described an association between low serum levels of the protease inhibitor a 1 AT and a rare genetically transmitted form of pulmonary emphysema. This discovery implied that the absence of this globulin allows endogenous enzymes to destroy alveoli. Support for such a suggestion was provided by the successful induction of emphysema in animals using intratracheal administration or aerosol inhalation of proteolytic enzymes with high elastolytic activity. 20 Recently, purified human neutrophil polymorphonuclear leukocytic elastase has been shown to produce this experimental lesion.2' Alveolar macrophages increase tenfold22 in the lungs of smokers and also contain elastase, which is released23 after phagocytosis or exposure to smoke.24 Irritants evoke a neutrophil chemotactic factor from the lung25 and oxidants in cigarette smoke markedly reduce the protease inhibitor efficacy of a 1AT.26 Thus, the biochemical hypothesis for the destruction of pulmonary connective tissue in emphysema envisages a local disturbance of the normal balance between proteolytic enzymes and their inhibitors favoring the former.
The present study was based on the possibility that the well-known association beteeen inguinal herniation and pulmonary disease was not simply due to coughing, but represented a prolonged metastatic effect in the groin (a locus minoris resistentiae in the male, because of the passage of the testis into the scrotum) of circulating proteases which, although generated in the lung, get carried by pulmonary blood flow into the systemic circulation in a manner analogous to lipases in pancreatitis producing metastatic lipolysis.27 The role of increased intra-abdominal pressure in the development of inguinal herniation in the adult has been discredited28'29 since, despite earlier evidence to the contrary,30 chronic obstruction and distension of the large bowel from cancer does not give rise to groin hernias. Aging as the factor responsible for attenuation of the rectus sheath in patients with inguinal herniation was ruled out by our earlier studies since this atrophy was not found to be a senile phenomenon.6 Rather, we observed that groin herniation was a disease predominantly of middle age. Since many of these patients had smoked heavily for many years and consequently suffered a high incidence of emphysema and lung cancer, this led us earlier8 to suspect that inguinal herniation in the adult might be yet another disease exacerbated by the cigarette. The present data amply justify our concern. Three-quarters of our patients said they smoked. This proportion would probably have been greater if we had performed carboxyhemoglobin determinations, since smokers frequently deny their habit. This amount of addiction is certainly greater than that observed in the general population and is higher than that seen in veterans hospitalized for diseases other than those known to be related to the consumption of tobacco products. Peak incidence and age distributions of the more than 2,500 hernia cases reviewed were similar to the vital statistics obtained from nearly 500 patients with lung cancer operated on in our hospital over the same 15-year period. Direct herniation through Hesselbach's triangle, with its penchant for bilaterality, was almost as common as the indirect type in our series. It seems as if the former is increasing in frequency. Perhaps this observation is due to the long-term effects of smoking, since pulmonary function and x-ray data indicated incipient lung damage in a much higher proportion of the direct hernia type, even though those with known lung disease had been excluded from all of the study groups. However, the age incidence and the symptomatic delay before repair were practically identical for both forms of inguinal herniations; thus, the distinction between the two appears mainly anatomic. If a persistent processus vaginalis is present, as obtains in 20%o of men who die without groin herniation,31 the degeneration of the transversalis fascia results in indirect herniation. In the absence of a preformed sac, a direct defect occurs. Peacock32 has also de-emphasized the different types of inguinal herniation. More severe attenuation is needed to produce the direct as opposed to the indirect form, with its built-in anatomical defect-the peritoneal diverticulum. We found evidence for this in our previous rectus sheath, weight per unit area measurements along with the electron microscopic, biochemical, tissue culture, and radioisotopic studies which demonstrated qualitative as well as quantitative damage to the collagenous matrix. 33 The lesion was worse in direct herniation. More advanced degeneration also helps to explain the bilaterality of direct defects.
The crucial support for the hypothesis of metastatic emphysema as a mechanism for acquiring inguinal hernias in adult life is provided not simply by an observed association between smoking, signs of pulmonary emphysema and a similar age incidence to lung cancer, but the identification of an increased serum elastolytic activity, coupled with a decrease in the inhibitory capacity of a 1 AT (the predominant circulating antiprotease) despite serum concentrations within the normal 275 range. Again, these observations were particularly striking in the patients with direct defects. It had previously been assumed that in the presence of normal amounts of a1AT and a normal phenotype (MM), which all of our study patients were selected for, the body would be protected against circulating proteases, regardless of their source. Nevertheless, increased blood elastase activity has been reported in burn patients. 34 There is evidence that elastase after complexing with blood antiproteases is still active, albeit to a considerably reduced degree.35 Furthermore, smoking itself damages the activity of circulating antiproteases, both in vitro36 and in vivo,37 as we have also demonstrated in our hernia patients. The white blood cell concentration in the blood of smokers who inhale has been shown to be elevated38'39 and, again, we were able to confirm this in our series of hernia patients. These cells (leukocytes) contain proteolytic enzymes including elastase. They are directly involved in the inflammatory response of the lungs to smoke and, presumably, could deliver and release enzymes in peripheral tissues as well. Elastase from these cells cleaves elastin and collagen, the latter at sites of terminal crosslinks, 40 when, even with a relaxing incision, suture tensions are high.47 The surgeon's approach to inguinal herniation should consider more than the anatomic and technical detail. It must now embrace biochemistry, because he is dealing with a local manifestation of a generalized lesion of connective tissue. Just as in pulmonary emphysema, consideration needs to be given to stimulation of blood antiprotease activity by drugs,4849 especially in the many who cannot stop smoking or are found at operation to have particularly poor tissues.
Finally, the present work has implications beyond herniation of the abdominal viscera-important as that is. The demonstration that millions of smokers could be releasing proteolytic enzymes from the lung and damaging their normal defense against such catalysts implies that other organ systems are at risk (Fig. 3) . It may be that cancer and the cardiovascular ravages of smoking are initiated by a similar mechanism. The evidence supporting our hypothesis of metastatic emphysema confirms the role of proteases and antiproteases in the development of pulmonary emphysema. My questions are biased because my own work in this field has led me to an opposite conclusion, namely, that development of groin hernia in elderly men is a local phenomenon, involving a specific, difficult-to-measure, enzyme. In spite of such a bias, I would like to raise four questions.
The first question concerns the clinical or biologic significance of the data. The data appear mathematically significant, but, in my experience, removing transversalis fascia in amounts sufficient to allow penetration of intestine requires four or five times greater enzyme levels than reported. So I acknowledge the mathematic significance of the data, but question their biologic significance.
Second, I raise the question of whether any of the substances measured have the ability to digest dense connective tissue. In my experience, only highly specific tissue collagenase or bacterial collagenase will digest collagen at neutral pH.
The third question relates to difficulty in following Dr. Read's general thesis. Through the years Dr. Read has almost convinced us that human groin hernia was caused by a generalized condition featuring reduced net collagen synthesis and deposition. If I understand the present paper, however, increased collagen destruction is the major cause of groin hernia.
Last, simultaneous development of groin hernia and Dupuytren's contracture, common conditions in elderly men, is difficult to explain by a generalized metabolic abnormality. In many ways the two conditins are metabolically opposite. Groin hernia is characterized by replacement of dense connective tissue with fat; Dupuytren's contracture is characterized by replacement of subcutaneous fat by dense connective tissue.
DR. RONALD W. BUSUTTIL (Los Angeles, California): At UCLA we, too, have been intrigued with the role of elastolytic activity in the development of certain connective tissue disorders. Our studies, which have recently been published, suggested that these enzymes may, indeed, play a role in a more lethal degenerative disease process, namely, abdominal aneurysm formation.
We have now studied 37 patients with abdominal aortic aneurysms or atherosclerotic occlusive disease and have found that there is a marked difference in aortic wall proteolytic enzyme activity between those patients with aneurysmal disease and those with occlusive disease.
(slide) In a group of patients who had abdominal aortic aneurysms, we found a significant level of aortic wall collagenese activity, approximately 33 units per gram of tissue. In contradistinction, patients who had occlusive atherosclerotic aortas had no detectable collagenese activity in the aortic specimens. Similarly, samples of rectus fascia from patients who also had aneurysms did not contain collagenolytic activity.
(slide) Additionally, we have found that collagenase activity was approximately three times greater in patients who had thoracoabdominal, expanding, or ruptured aneurysms, compared with patients who have had elective, stable abdominal aortic aneurysms.
